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Lymphomas can affect any organ in the body, present with a wide range of symptoms, and be seen by primary care
physicians and physicians from most specialties. They are traditionally divided into Hodgkin’s lymphoma (which
accounts for about 10% of all lymphomas) and non-Hodgkin lymphoma, which is the topic of this Seminar. NonHodgkin lymphoma represents a wide spectrum of illnesses that vary from the most indolent to the most aggressive
malignancies. They arise from lymphocytes that are at various stages of development, and the characteristics of the
specific lymphoma subtype reflect those of the cell from which they originated. Since this topic was last reviewed in
The Lancet in 2012, advances in understanding the biology and genetics of non-Hodgkin lymphoma and the availability
of new diagnostic methods and therapies have improved our ability to manage patients with this disorder.

Epidemiology and risk factors
Since the last review of non-Hodgkin lymphoma in
The Lancet in 2012,1 advances in understanding the biology
and genetics and the availability of new diagnostic
methods and therapies have improved. An estimated
72 580 new cases of non-Hodgkin lymphoma are expected
in the USA in 2016, and 13 413 new cases were reported in
the UK in 2013.2,3 The relative frequency of specific
subtypes of non-Hodgkin lymphoma varies geographically.
The International Non-Hodgkin Lymphoma Classification
Project4 studied 4539 cases from seven geographical
regions (North America, western Europe, southeastern
Europe, Central and South America, north Africa and
Middle East, southern Africa, and the east Asia). NonHodgkin lymphomas were more likely to be B-cell
lymphomas, and there was a higher incidence of lowgrade B-cell lymphomas in high-income regions than in
low-income and middle-income regions. By contrast, lowincome and middle-income regions had a higher
incidence of high-grade B-cell lymphomas and T-cell and
natural killer (NK)-cell lymphomas than did high-income
regions. Nasal-type extranodal NK–T-cell lymphoma was
much more common in the east Asia—and, to a lesser
degree, in Central and South America—than in other
regions. Extranodal NK–T-cell lymphoma is strongly
associated with Epstein-Barr virus infection, but the
striking geographical variability in the incidence of this
subtype of lymphoma indicates a contribution of host
susceptibility. However, one study5 found that the
distribution of lymphoma subtypes in Japan was changing
and becoming more like the distribution found in the
Search strategy and selection criteria
We searched PubMed and MEDLINE for articles published in
English between Jan 1, 2012, and April 1, 2016, using the
terms “non-Hodgkin lymphoma”, “diffuse large B-cell
lymphoma”, “follicular lymphoma”, “mantle cell lymphoma”,
“marginal zone lymphoma”, “Burkitt lymphoma”, “T-cell
lymphoma” and “peripheral T-cell lymphoma”. In some cases,
these manuscripts provided further references that were not
included in the original search results but were included in
this manuscript.
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USA (ie, it was becoming westernised), suggesting that
changes in lifestyle can alter these patterns.
Trends in the incidence of non-Hodgkin lymphoma
have not been consistent. The incidence of non-Hodgkin
lymphoma in Europe and North America increased in
the 1990s and then stablised.6,7 However, looking at
overall trends of incidence might not reflect changes in
the incidence of specific subtypes. For example, a study8
from the Netherlands that focused on the period from
1989 to 2007 showed that the incidence of indolent
B-cell lymphomas, and T-cell and NK-cell non-Hodgkin
lymphomas, rose considerably whereas the incidence of
aggressive B-cell lymphomas remained stable.
Factors affecting an individual’s risk of developing nonHodgkin lymphoma have been extensively studied.
These factors include immune disorders, medicines,
infections, lifestyle, genetics, race, family history, and
occupational factors.9–11 Obesity has been found to be a
risk factor for diffuse large B-cell lymphoma (DLBCL).12
Genome-wide association studies have found loci that
are associated with excessive risk for follicular lymphoma,
marginal zone lymphoma, and DLBCL.13,14
The effects of some key risk factors such as hair dyes
seem to be decreasing owing to changes in the ingredients
used in these products.15 The risk of non-Hodgkin
lymphoma in patients with autoimmune diseases—
including rheumatoid arthritis, Sjögren syndrome, and
systemic lupus erythematosus—has continued to
increase.16 Whether this increased risk is related only to
the autoimmune disease or to the immunosuppressive
therapies used in its management is not clear. Patients
who are immunosuppressed for other reasons, such as
patients undergoing organ transplantation or those with
HIV infection, are known to be at an increased risk of
developing non-Hodgkin lymphoma.17
Both viral and bacterial infections have been closely
associated with the development of non-Hodgkin
lymphomas. Helicobacter pylori causes most gastric
mucosa-associated lymphoid tissue (MALT) lymphomas.18
The Epstein-Barr virus is closely associated with both
Burkitt lymphoma and nasal NK–T-cell lymphoma.19,20
Hepatitis C virus has been associated with splenic
marginal zone lymphoma and DLBCL.21 Borrelia
burgdorferi and Chlamydia psittacosis are thought to be
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associated with the development of marginal zone
lymphomas,22,23 and Coxiella burnetii has been proposed
as a risk factor for DLBCL and follicular lymphoma.24
Sun exposure has been found to be protective against
the development of non-Hodgkin lymphomas.25 In one
report26 that used pooled databases, an association was
found between cigarette smoking and the development
of follicular lymphoma.26 Some evidence indicates that
alcohol intake might be protective against the
development of non-Hodgkin lymphomas.27 The risk
factors identified for peripheral T-cell lymphomas, which
are less frequent than other types of non-Hodgkin
lymphoma, include coeliac disease, eczema, psoriasis, an
extensive smoking history, and working with textiles or
electricals.28 In the same study,28 individuals who
consumed alcohol or had ever lived or worked on a farm
were found to be protected from developing peripheral
T-cell lymphomas.

Pathophysiology, genetics, and histopathology
Non-Hodgkin lymphoma includes a diverse spectrum of
cancers of the immune system. About 85–90% of nonHodgkin lymphomas are derived from B cells, whereas
the remaining lymphomas are derived from T cells or
NK cells. As of 2016, the current approach to classification
uses the WHO classification scheme (panel 1). The 2016
revision builds on the 2008 WHO classification
and incorporates information from clinical findings,
morphology, immunophenotyping, and molecular
genetics to refine previous entities that were considered
to represent heterogeneous conditions, to describe new
provisional entities on the basis of knowledge accrued
during the intervening years, and to use new findings
from next-generation sequencing studies that have
provided substantial insight into disease biology
(panel 1).29 Recognition of the roles of age, anatomical
site, and mutational profiles is reflected in the 2016
revision, as is additional clarity surrounding so-called
early lesions, which are seen in both follicular lymphoma
and mantle cell lymphoma. The 2016 revision also adds
additional clarity regarding the borderline lesions
described in 2008, such as the lesions in mediastinal grey
zone lymphomas, the features of which overlap with
nodular sclerosis Hodgkin’s lymphoma and primary
mediastinal large B-cell lymphoma. Further refinements
to the WHO classification scheme can be expected as
fundamental improvements in our understanding are
achieved through clinical, translational, and basic science
research studies. Importantly, two specific lymphomas,
follicular lymphoma and DLBCL, account for about 65%
of all non-Hodgkin lymphomas, and thus a thorough
knowledge of these two entities is essential.
The gene-expression profiles of almost all non-Hodgkin
lymphomas are a reflection of the equivalent healthy cell of
origin from which the lymphoma is derived, but they also
reflect changes that result from recurrent genetic, epigenetic,
and other molecular alterations (eg, copy-number gains
www.thelancet.com Vol 390 July 15, 2017

Panel 1: Classification of non-Hodgkin lymphoma
subtypes*
Mature B-cell neoplasms
• Chronic lymphocytic leukaemia and small lymphocytic
lymphoma
• Monoclonal B-cell lymphocytosis
• B-cell prolymphocytic leukaemia
• Splenic marginal zone lymphoma
• Hairy cell leukaemia
• Unclassifiable splenic B-cell lymphoma or leukaemia†
• Splenic diffuse red pulp small B-cell lymphoma†
• Hairy cell leukaemia variant
• Lymphoplasmacytic lymphoma
• Extranodal marginal zone lymphoma of mucosa-associated
lymphoid tissue
• Nodal marginal zone lymphoma
• Paediatric nodal marginal zone lymphoma†
• Follicular lymphoma
• In-situ follicular neoplasia
• Paediatric-type follicular lymphoma
• Large B-cell lymphoma with rearrangement of IRF4†
• Primary cutaneous follicle centre lymphoma
• Mantle cell lymphoma
• In-situ mantle cell neoplasia
• Diffuse large B-cell lymphoma (DLBCL), not otherwise
specified
• T-cell-rich or histiocyte-rich large B-cell lymphoma
• Primary DLBCL of the CNS
• Leg-type primary cutaneous DLBCL
• Epstein-Barr virus (EBV)-positive DLBCL, not otherwise
specified
• EBV-positive mucocutaneous ulcer†
• DLBCL associated with chronic inflammation
• Lymphomatoid granulomatosis
• Primary mediastinal (thymic) large B-cell lymphoma
• Intravascular large B-cell lymphoma
• ALK-positive large B-cell lymphoma
• Plasmablastic lymphoma
• Primary effusion lymphoma
• Human herpesvirus 8-positive DLBCL, not otherwise
specified†
• Burkitt lymphoma
• Burkitt-like lymphoma with chromosome 11q aberrations†
• High-grade B-cell lymphoma with rearrangements of
BCL2 and MYC or of BCL6 and MYC†
• High-grade B-cell lymphoma, not otherwise specified†
• Unclassifiable B-cell lymphoma with features that are
intermediate between DLBCL and classic Hodgkin’s
lymphoma
Mature T-cell and natural killer (NK)-cell neoplasms
• T-cell prolymphocytic leukaemia
• T-cell large granular lymphocytic leukaemia
(Continues on next page)
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(Panel 1 continued from previous page)
• Chronic lymphoproliferative disorder of NK cells†
• Aggressive NK-cell leukaemia†
• EBV-positive T-cell lymphoproliferative diseases of
childhood, including cutaneous chronic active EBV
infection, hydroa vacciniforme-like lymphoma, severe
mosquito-bite hypersensitivity, systemic chronic active
EBV infection, and systemic EBV-positive T-cell lymphoma
of childhood
• Adult T-cell leukaemia or lymphoma
• Nasal-type extranodal NK–T-cell lymphoma
• Enteropathy-associated T-cell lymphoma
• Monomorphic epitheliotropic intestinal T-cell lymphoma
• Indolent T-cell lymphoproliferative disorder of the
gastrointestinal tract†
• Hepatosplenic T-cell lymphoma
• Subcutaneous panniculitis-like T-cell lymphoma
• Mycosis fungoides
• Sézary syndrome
• Primary cutaneous CD30-positive T-cell lymphoproliferative
disorders
• Lymphomatoid papulosis
• Primary cutaneous anaplastic large cell lymphoma
• Primary cutaneous γδ T-cell lymphoma
• Primary cutaneous CD8-positive aggressive epidermotropic
cytotoxic T-cell lymphoma†
• Primary cutaneous acral CD8-positive T-cell lymphoma†
• Primary cutaneous CD4-positive small or medium T-cell
lymphoproliferative disorder†
• Peripheral T-cell lymphoma, not otherwise specified
• Angioimmunoblastic T-cell lymphoma
• Follicular T-cell lymphoma†
• ALK-positive anaplastic large cell lymphoma
• ALK-negative anaplastic large cell lymphoma
• Breast implant-associated anaplastic large cell lymphoma†
*Plasma cell neoplasms, Hodgkin’s lymphomas, post-transplant lymphoproliferative
disorders, and tumours of histiocytic and antigen-presenting cells are not included in
this panel. †Provisional entities.

and losses); such changes affect the transcriptome and
ultimately the proteome.30 B-cell non-Hodgkin lymphoma
is a paradigm of translocation-based cancers in which
deregulated gene expression occurs as a result of
characteristic balanced translocations that place key genes
under the influence of active lineage-specific promoters or
enhancers. For example, the immunoglobulin heavy chain
(IGH) locus on chromosome 14q32 is actively transcribed
in B cells because these cells require the expression of a
B-cell receptor on the cell surface for their survival.
Follicular lymphoma most commonly results from the
t(14;18)(q32;q21) translocation; this translocation places
BCL2 (which encodes B-cell CLL/lymphoma 2) under
control of the IGH enhancer element, leading to
constitutive BCL2 expression. BCL-2 is an anti-apoptotic
protein, and the t(14;18)(q32;q21) translocation results in
300

markedly elevated expression of BCL-2, which blocks the
healthy germinal centre default programme of apoptotic
cell death and represents a defining pathogenic feature of
follicular lymphoma.31 Similarly, mantle cell lymphoma is
characterised by the t(11;14)(q13;q32) translocation, which
leads to the deregulated expression of cyclin D1, and Burkitt
lymphoma overexpresses MYC as a result of the t(8;14)
(q24;q32) translocation or variants. Other translocations
define additional subtypes of both B-cell and T-cell
lymphomas.
Healthy B cells begin their lives in the bone marrow,
where they undergo rearrangement of their immuno
globulin gene segments before antigen encounter.
These naive B cells exit the bone marrow to seed
secondary lymphoid organs such as the lymph nodes
and spleen. Here they encounter antigen and, with the
help of T cells, form primary and subsequently
secondary lymphoid follicles, the latter of which are
characterised by germinal centres. Healthy germinal
centres represent sites of affinity maturation, a process
that results in the selection of B cells that secrete highaffinity antibodies. The germinal centre is a unique
physiological structure, that supports rapid B-cell
proliferation and also two physiological genetic
processes, known as somatic hypermutation (SHM) and
class-switch recombination, which both require doublestranded DNA breaks.23 The ability of germinal centres
to support these processes is potentially lethal because
although these processes are required for the generation
of antibody diversity, they are also error-prone and
probably underlie lymphomagenesis.23 The presence of
somatically hypermutated immunoglobulin genes both
in healthy and malignant B cells is a footprint of
germinal centre transit and is used to characterise most
B-cell non-Hodgkin lymphomas according to the stages
of differentiation that occur in germinal centres. For
example, about 40% of chronic lymphocytic leukaemias
and a proportion of mantle cell lymphomas have
transited the germinal centre.32 The rapid cell turnover
and DNA damage that occur within the healthy germinal
centre are controlled by a series of carefully controlled
transcription factors including BCL-6, MYC, and
PRDM1, for example.23 Not surprisingly, somatically
acquired genetic alterations of these and other B-cell
differentiation factors directly lead to the development
of lymphoma.33
Less is known about mature or so-called peripheral
T-cell lymphomas. Classification of these lymphomas
uses a framework that is based on the distinction between
lymphocytes of the innate immune system (NK cells and
γδ T cells), which are not antigen specific, versus those of
the adaptive immune system (mature CD4-positive and
CD8-positive αβ T cells, and regulatory T cells), which are
antigen specific.34 The classification of T-cell non-Hodgkin
lymphomas is complex (panel 1), and many of the
recognised distinct entities are frequently characterised
by relatively specific clinical features, morphological
www.thelancet.com Vol 390 July 15, 2017
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aspects, immunophenotypes, and recurrent genetic
alterations.22 Recurrent translocations are less common
in peripheral T-cell lymphomas than in other types of
lymphoma, and examples include the characteristic t(2;5)
(p23;q35) translocation seen in anaplastic lymphoma
kinase (ALK)-positive anaplastic T-cell lymphoma and the
t(5;9)(q33;q22) translocation associated with follicular
T-cell lymphoma.27 In 2016, ALK-negative anaplastic T-cell
lymphoma will change from being a provisional entity to
an accepted lymphoma entity, and it represents a
paradigm of how progress in understanding disease
biology translates into improved classification schemes.
Next-generation sequencing studies are helping to resolve
both the clinical and biological heterogeneity of this
disease entity, as recurrent translocations including t(6;7)
(p25;q32) and recurrent gene fusions involving the
tumour-suppressor gene TP63 characterise subsets of
ALK-negative anaplastic T-cell lymphoma that are
associated with strikingly different survival rates.35
Some common themes related to pathogenesis of nonHodgkin lymphoma have begun to emerge owing, in part,
to knowledge acquired through gene-expression profiling
and next-generation sequencing.36,37 For example, nodebased DLBCL comprises two major molecular subtypes of
disease that are referred to as the germinal centre B-cell
subtype and the activated B-cell subtype.29 These
two subtypes of DLBCL are essentially different entities
and are characterised by differences in survival, disease
biology, gene expression, and specific oncogenic pathway
perturbations, the latter of which are being used to inform
novel therapeutic approaches.38 Similar methodological
approaches are being used to inform precision medicine
across the spectrum of non-Hodgkin lymphoma, and will
be a major focus of future clinical and translational
research. Common themes underpinning lymphoma
biology include (1) genetic alterations that promote growth
and survival (eg, mutations in CDKN2A that alter cellcycle control, mutations affecting JAK–STAT signalling);
(2) constitutive upregulation of key signalling pathways
(eg, those involving CD79B, MYD88, CARD11); (3)
inhibition of apoptosis (eg, upregulation of BCL2 by
translocation or copy-number gain); (4) blocks to terminal
differentiation (eg, BCL6 translocations and loss of
PRDM1); (5) immune escape (eg, translocations of PDL1,
and mutations involving CD58 or B2M); and (6) global
alterations of genes that are involved in chromatin
remodelling and histone modification (eg, mutations
involving EZH2, CREBBP, EP300, KMT2D).23 The latter
appear to be common to both B-cell and T-cell lymphomas,
and were largely unrecognised until next-generation
sequencing studies were completed.30

Clinical presentation, staging, and restaging
Most patients with non-Hodgkin lymphoma present
with painless lymphadenopathy, and might or might not
have systemic symptoms such as fevers, drenching night
sweats, weight loss, pruritis, and fatigue. However, since
www.thelancet.com Vol 390 July 15, 2017

non-Hodgkin lymphoma can involve any organ in the
body, a myriad of presentations are possible, and
symptoms might mimic a wide range of other conditions.
Diagnosis should be based on an adequate biopsy sample
reviewed by an experienced haematopathologist.
Preferably this sample will be from an excisional biopsy
of an involved lymph node or a tumour in another organ,
but a cutting-needle biopsy is sometimes the only
practical choice. The diagnosis of non-Hodgkin
lymphoma using fine-needle aspiration or cytology from
an effusion should be avoided. Obtaining a sufficient
amount of tissue to enable immunohistochemical
studies and genetic studies will increase the chance of a
pathologist reaching the correct diagnosis. The
differential diagnosis of the many subtypes of nonHodgkin lymphoma is broad and varies for each specific
subtype (table 1).
Following a definite diagnosis, staging should be done
and should include (1) careful history taking and physical
examination; (2) laboratory studies to assess the function
of the bone marrow and other organs, and measurement
of serum concentrations of lactate dehydrogenase; and
(3) imaging studies. As recommended in the Lugano
classification, both CT and PET scans can provide
important information, but combined PET–CT is
Conditions included in the differential diagnosis
Lymphoblastic
lymphoma

Mediastinal cases might in fact be benign with the tumours comprising healthy
cortical thymocytes; Burkitt lymphoma; Burkitt-like lymphoma; blastoid mantle
cell lymphoma; myeloid sarcoma

Diffuse large B-cell
lymphoma

Peripheral T-cell lymphoma; Burkitt-like lymphoma; lymphoblastic lymphoma;
grade 3B follicular lymphoma; myeloid sarcoma; carcinoma; melanoma

Follicular lymphoma

Follicular hyperplasia; small lymphocytic lymphoma; chronic lymphocytic
leukaemia; mantle cell lymphoma; marginal zone lymphoma; lymphoplasmacytic
lymphoma; nodular lymphocyte-predominant Hodgkin’s lymphoma;
lymphocyte-rich classic Hodgkin’s lymphoma

Mantle-cell lymphoma

Reactive hyperplasia; small lymphocytic lymphoma; chronic lymphocytic
leukaemia; grade 1 and 2 follicular lymphomas; lymphoplasmacytic lymphoma;
nodular lymphocyte-predominant Hodgkin’s lymphoma; lymphocyte-rich classic
Hodgkin’s lymphoma

Small lymphocytic
lymphoma

Reactive hyperplasia; mantle cell lymphoma; diffuse follicular lymphoma; marginal
zone lymphoma; lymphoplasmacytic lymphoma; nodular lymphocyte-predominant
Hodgkin’s lymphoma; lymphocyte-rich classic Hodgkin’s lymphoma

Mucosa-associated
lymphoid tissue
lymphoma

Reactive hyperplasia; small lymphocytic lymphoma; chronic lymphocytic leukaemia;
follicular lymphoma (particularly those with marginal zone differentiation); nodal
and splenic marginal zone lymphomas; lymphoplasmacytic lymphoma

Nodal marginal zone
lymphoma

Reactive hyperplasia; small lymphocytic lymphoma; chronic lymphocytic leukaemia;
follicular lymphoma (particularly those with marginal zone differentiation); nodal
and splenic marginal zone lymphomas; lymphoplasmacytic lymphoma; nodular
lymphocyte-predominant Hodgkin’s lymphoma; lymphocyte-rich classic Hodgkin’s
lymphoma

Splenic marginal zone
lymphoma

Marginal zone hyperplasia in the spleen; mantle-cell lymphoma in the spleen;
follicular lymphoma in the spleen; small lymphocytic lymphoma; chronic
lymphocytic leukaemia; lymphoplasmacytic lymphoma; hairy cell leukemia and
variants

Burkitt lymphoma

Burkitt-like lymphoma; diffuse large B-cell lymphoma; blastoid mantle cell
lymphoma; lymphoblastic lymphoma; myeloid sarcoma

Peripheral T-cell
lymphoma, not
otherwise specified

Florid reactive hyperplasia; T-cell-rich diffuse large B-cell lymphoma; mixed
cellularity Hodgkin’s lymphoma

Table 1: Differential diagnosis of selected subtypes of non-Hodgkin lymphoma
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Criteria

Panel 2: The International Prognostic Index
The International Prognostic Index is calculated for all patients
(a score of 0–5) and patients aged 60 years or younger (a score
of 0–3) by summing the following risk factors.
Risk factors in all patients
• Older than 60 years
• Serum lactate dehydrogenase concentrations higher than
the highest normal value
• ECOG performance state
• Stage 3 or 4
• Extranodal involvement in two or more sites
Risk factors in patients aged 60 years or younger
• Serum lactate dehydrogenase concentrations higher than
the maximum normal value
• ECOG performance state
• Stage 3 or 4

generally the most useful imaging modality.39 The
absence of abnormal metabolic activity in a suspicious
site on a CT scan, or the presence of abnormal metabolic
activity at a site that was not abnormal on the CT scan,
can reduce or increase the stage of a patient’s disease,
respectively. Additionally, PET–CT scans appear to be as
sensitive as bone-marrow biopsy in identifying bonemarrow involvement in some subtypes of non-Hodgkin
lymphoma, including DLBCL.40,41 Bone-marrow biopsy
remains preferable for identifying bone-marrow
involvement in more indolent lymphomas such as
follicular lymphoma.
Several systems for predicting prognosis and making a
treatment recommendation have been developed and are
widely used. The first of these systems was the International
Prognostic Index (IPI; panel 2),42 which was developed for
aggressive B-cell and T-cell lymphomas, but is predictive in
essentially all subtypes of non-Hodgkin lymphoma.
Modification of the IPI for DLBCL seems to improve its
predictive value.43 Other systems exist, sometimes with
several iterations, for follicular lymphoma,44 mantle cell
lymphoma,45 and peripheral T-cell lymphoma.46
The end-of-treatment PET–CT scan is the best predictor
of disease-free survival and has become a standard
definition of complete remission,47 at least in the
aggressive lymphomas and follicular lymphoma. The
establishment of this standard definition was made
possible by the development of the Deauville score (also
known as the five-point score; table 2).48 Studies in
DLBCL and follicular lymphoma have shown that a score
of less than or equal to three predicts a good treatment
outcome and should be the definition of complete
remission.47,49
Repeated staging studies after one-to-three cycles of
chemotherapy (often called interim restaging) is
sometimes used to guide treatment decisions, including
the decision to lengthen or shorten the duration of
302

1

No uptake related to lymphoma

2

The highest uptake in any site of lymphoma is less than or equal to
to the uptake by the mediastinum

3

The highest uptake by any site of lymphoma is greater than the
uptake by the mediastinum, but less than or equal to the uptake by
the liver

4

The uptake by any site of lymphoma is greater than the uptake by
the liver

5

The presence of new sites of uptake or substantial increases in the
standardised uptake value in previous sites of lymphoma, or both

Table 2: The Deauville score for assessing PET–CT scans to measure
patient responses to therapy

therapy, to intensify therapy, or to change treatments.
However, changing therapy on the basis of the interim
PET–CT scan is not recommended in the National
Comprehensive Cancer Network guidelines.50 The
interpretation of an interim PET–CT scan is complicated
because PET scans are very sensitive and a negative scan
has a high predictive value, whereas a positive scan has a
lower predictive value. An interim scan is often
considered to be negative with a Deauville score of less
than or equal to two, which is more stringent than the
cutoff for end-of-treatment scans. Notably, some patients
with a positive interim scan will be cured by continuing
on the same treatment.51

Management of specific subtypes of
non-Hodgkin lymphoma
Precursor B-cell and T-cell lymphomas

Lymphoblastic lymphoma can be of pre-B-cell or
pre-T-cell origin, and it represents the same disease as
acute lymphoblastic leukaemia presenting as a solid
tumour. Precursor T-lymphoblastic leukaemia typically
presents as a mediastinal mass in young men, whereas
precursor B-lymphoblastic lymphoma is more likely to
involve the lymph nodes, skin, and bone. Both of these
neoplasms are rapidly progressive and have a tendency to
spread to the central nervous system (CNS). Patients are
usually managed with regimens that were developed for
acute lymphoblastic leukaemia. For patients who are
young and healthy enough to tolerate them, the very
intensive regimens typically used in children seem to be
the most effective.52

Mature B-cell and T-cell lymphomas
DLBCL
DLBCL is the most common subtype of non-Hodgkin
lymphoma. The most important advance in the
management of DLBCL in the past two decades was the
recognition that the addition of rituximab to
an anthracycline-containing chemotherapy regimen
significantly improves treatment results both in
prospective randomised trials and in observational
studies in defined populations.53,54 The regimen including
cyclophosphamide, doxorubicin, vincristine, prednisone,
www.thelancet.com Vol 390 July 15, 2017
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and rituximab (known as CHOP-R) administered every
3 weeks has been the standard treatment for DLBCL in
most of the world. However, some studies indicate that
more intensive regimens might improve the outcome in
young patients who are able to tolerate such therapy. For
example, the Groupe d’Etudes des Lymphomes de
l’Adulte55 has reported that doxorubicin, cyclo
phos
phamide, vindesine, bleomycin, prednisone, and
rituximab (ACVBP-R) is superior to CHOP-R in young
patients (3 year progression-free survival 87% vs 73%)
with DLBCL. Similarly, phase 2 trials in the USA56 have
indicated that the infusional chemotherapy regimen
including etoposide, prednisone, vincristine, cyclo
phosphamide, doxorubicin, and rituximab (EPOCH-R)
might be superior to CHOP-R, and the results of a large
intergroup study are anticipated soon.
Patients with localised DLBCL are occasionally cured
by radiotherapy alone, but these patients have the best
outcome when they receive chemotherapy as part of their
initial treatment. Frequently, chemotherapy—sometimes
with a reduced number of cycles—is followed by
radiotherapy, but chemotherapy alone can cure most
patients.57 A very large mass and bone involvement have
traditionally been indications for radiotherapy following
chemotherapy, but the use of PET scanning has raised
the question of whether radiotherapy is necessary for
patients who have a negative PET scan after
chemotherapy. Patients who complete a course of
chemotherapy and have a negative PET scan seem to be
cured without requiring consolidative radiotherapy, even
if the original tumour was large.58 Patients with localised
DLBCL have an excellent outcome, and the long-term
survival (ie, 5–10 years) of patients in most series is more
than 80%. Other prognostic factors, such as the
distinction between germinal centre B-cell and activated
B-cell subtypes, seem to be less important.59
DLBCLs originating in germinal centre B cells have a
better prognosis than DLBCLs originating from activated
B cells that have exited the germinal centres.60 The addition
of rituximab to standard chemotherapy regimens
improves the outcome of both the germinal centre B-cell
and activated B-cell subtypes of DLBCL, but it does not
eliminate the disadvantage of having the activated B-cell
subtype. Attempts to improve the outcome of patients
with the activated B-cell subtype type of DLBCL have
included the use of the infusional regimen EPOCH-R,61
very intensive regimens such as ACVBP-R,62 and the
addition of other drugs to CHOP-R, such as lenalidomide.63
CNS prophylaxis, often with intrathecal methotrexate, is
frequently given to patients who are at a high risk of CNS
relapse.64,65
Lymphomas with mutations involving both MYC and
either BCL2 or BCL6 have been referred to as double-hit
lymphomas. They are most frequently seen in patients
with lymphomas that are at the interface between DLBCL
and Burkitt lymphoma, but some DLBCLs fit into this
category.66 DLBCLs with MYC and BCL2 mutations are of
www.thelancet.com Vol 390 July 15, 2017

germinal centre B-cell origin, and those with MYC and
BCL6 are often of activated B-cell origin.67 DLBCLs with
these mutations respond poorly to standard chemotherapy
regimens, have a lower incidence of complete remission,
and frequently progress during therapy.66,67 Patients are
often given autologous haemopoietic stem cell
transplants when they are in complete remission, but
whether this improves the outcome is unknown because
patients who achieve complete remission are sometimes
cured without requiring further therapy.68 Lymphomas
that overexpress the proteins BCL-2 and MYC but do not
have translocations in the respective genes have been
referred to as double expressors; they are usually of
activated B-cell origin and have a poor outcome.69
However, the outcome is intermediate between doublehit DLBCLs and DLBCLs that are neither double-hit nor
double expressors.
Patients who present with a very high IPI score do less
well than patients with fewer adverse prognostic factors.70
A large intergroup study from the USA found that
patients with a very high IPI score had a significantly
improved outcome when they received autologous
haemopoietic stem-cell transplantation during their first
remission.71 One fairly consistent risk factor has been
male sex. Studies have shown that men metabolise
rituximab faster than do women72 and that this difference
in metabolism might partially explain the poorer outcome
in men given rituximab-containing regimens. A German
study reported that the use of intensified rituximab
treatment in males seemed to eliminate the sex
disadvantage.73
DLBCLs arising in extranodal sites can have unique
clinical features. For example, primary mediastinal
lymphoma is seen more often in young women than in
other individuals, and it spreads to other extranodal
sites.29 With CHOP-R and radiotherapy, most patients are
cured,74 but a negative PET scan at the end of
chemotherapy can make routine radiotherapy
unnecessary.75 In one study of EPOCH-R without
radiotherapy, event-free survival was reported to be 93%.76
Primary CNS DLBCL can sometimes be cured by
chemotherapy regimens that include high-dose
methotrexate, and radiotherapy is not always necessary.77
Patients with DLBCL who relapse after achieving
complete remission or who do not achieve complete
remission with their initial regimen have a poor
prognosis, but some of these patients can be cured if they
receive an autologous haemopoietic stem-cell transplant
after responding to a salvage chemotherapy regimen.78
Evidence indicates that the benefit of autologous
transplantation is less in patients who have rituximab in
their initial chemotherapy regimen than in those patients
whose initial regimen does not include rituximab,79 but
autologous transplantation still represents the most likely
chance for a cure after relapse.80 Patients who do not
respond to an autologous transplant can occasionally be
cured by an allogeneic transplant.81 Chimeric antigen
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receptor T cells are active in patients with refractory
DLBCL.82 Patients who have relapsed and have the
activated B-cell subtype of DLBCL, but not the germinal
centre B-cell subtype, often respond to the B-cell receptor
inhibitor ibrutinib.38

Follicular lymphoma
Follicular lymphoma is divided into three grades
according to the number of large transformed cells in the
tumour.22 The WHO classification of follicular lymphoma
subdivides grade 3 into lymphomas that are expected to
behave more like DLBCL—ie, grade 3B follicular
lymphomas, which have sheets of centroblasts—and
those referred to as grade 3A follicular lymphomas (in
which most of the large cells are centrocytes). The WHO
classification recommends that grade 3B follicular
lymphomas should be treated in the same way as DLBCL,
whereas grade 3A follicular lymphomas should be
treated in the same way as low-grade follicular lymphoma.
The survival of patients with low-grade follicular
lymphoma was about 10 years before the availability of
monoclonal antibodies such as rituximab.83,84 However,
the duration of survival has now improved to a median of
15 years or more.85–87 Even so, patients who relapse in the
first 1–2 years continue to have a poorer survival than
patients who relapse later, and early-relapsing patients
might require a different treatment approach;88
prospective identification of these patients could thus be
useful. Most patients with follicular lymphoma have
disseminated disease, but radiotherapy has frequently
been used in the rare patients with stage 1 follicular
lymphoma, and the 10-year relapse-free survival rates
have averaged about 50%.89 For patients who are
asymptomatic at the time of diagnosis, and are
comfortable at being observed without therapy, no
evidence exists to indicate that a so-called watch and wait
approach reduces survival.90 A watch and wait approach is
often recommended in treatment guidelines both in the
USA and in Europe.91,92 However, most patients will
eventually require systemic therapy. Single-agent
rituximab, often with maintenance rituximab, had a high
response rate in a prospective trial from the UK in which
88% of the patients who received rituximab followed by
maintenance rituximab did not require a new treatment
at 3 years, and the overall survival at 3 years was 97%.93
For patients with more bulky disease, and for those who
require a rapid response to therapy because of specific
symptoms or life-threatening manifestations of their
lymphoma, initial treatment is usually with a regimen
that combines traditional chemotherapy drugs with
rituximab. Although many regimens are used, the two
most popular regimens in North America are
bendamustine plus rituximab and CHOP-R.94,95
Additionally, chlorambucil plus rituximab is sometimes
used, and the combination of lenalidomide and rituximab
looks promising.96 Whether any one of these treatment
approaches is definitely superior to the others is
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unclear. Whatever the initial chemotherapy regimen,
maintenance rituximab clearly extends remission, but no
evidence clearly indicates that it improves overall
survival.95
For patients with relapsed follicular lymphoma, both
autologous haemopoietic stem-cell transplantation97,98
and allogeneic haemopoietic stem-cell transplantation99
can yield long-lasting freedom from relapse and a
potential cure, and patients transplanted after their first
or second relapse have a better prognosis than do
patients transplanted later in the course of their illness.100
A range of new treatment approaches are available for
patients with relapsed follicular lymphoma, including
idelisilib and ibrutinib, which target the B-cell receptor
pathway,101 lenalidomide,96 the BCL-2 inhibitor
venetoclax,102 and inhibitors of programmed cell death
protein 1 (PD1) or PD1 ligand 1 (PDL1).103

Mantle cell lymphoma
Since the recognition of mantle cell lymphoma as a
distinct entity in the 1990s, the survival of patients with
this condition has considerably improved.104 A subset of
patients with mantle-cell lymphoma who present with
blood and bone-marrow involvement, and an enlarged
spleen, can have an unusually indolent course and can be
observed without therapy.105 Most patients with mantlecell lymphoma require therapy soon after diagnosis.
CHOP-R is clearly not a sufficiently active regimen for
this disease.106 Common approaches to the treatment of
this type of lymphoma include CHOP in which
bortezomib is used instead of vincristine,107 bendamustine
plus rituximab,108 and various regimens including highdose cytarabine.109,110 Additionally, new treatment
approaches are being developed that involve more novel
drugs, including the combination of lenalidomide plus
rituximab—which achieved a 2-year progression-free
survival rate of 85%—and a combination of ibrutinib
with bendamustine and rituximab.111,112 As in patients
with follicular lymphoma, maintenance rituximab seems
to extend remission in patients with mantle-cell
lymphoma and is frequently used.113 Autologous
haemopoietic stem-cell transplantation during the first
remission is often incorporated as part of the initial
regimen.114 Patients who relapse sometimes respond to
lenalidomide, ibrutinib, and bortezomib or bendamustine
plus rituximab.115–118

Marginal zone lymphoma
Marginal zone lymphomas are divided into MALT
lymphomas, nodal marginal zone lymphomas, and
splenic marginal zone lymphomas. MALT lymphomas
are the most frequent, and the most common site of
presentation is the stomach. Patients with gastric MALT
lymphoma are almost always infected with Helicobacter
pylori, and eradication of the infection will often lead to
a clinical remission.119 However, the presence of the
t(11;18) translocation predicts a higher chance of not
www.thelancet.com Vol 390 July 15, 2017
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achieving remission and an increased risk of relapse.120
For patients with localised gastric MALT lymphoma
who do not achieve complete remission following
antibiotic use, radiotherapy is usually curative.121 For
advanced MALT lymphoma, chemotherapy plus
rituximab is superior to the use of either treatment
alone.94 Patients with nodal marginal zone lymphoma
are usually given chemotherapy, monoclonal antibodies,
or the combination of these agents in a similar manner
to the treatment of low-grade follicular lymphoma.
Splenic marginal zone lymphoma typically presents
with splenomegaly, and blood and bone-marrow
involvement, but no lymphadenopathy. Patients with
concomitant hepatitis C virus infection might respond
to eradication of the virus.122 For other patients with
symptomatic disease, either single-agent rituximab or
splenectomy can lead to clinical remission and extended
survival.123,124

Small lymphocytic lymphoma and chronic lymphocytic
leukaemia
Small lymphocytic lymphoma and chronic lymphocytic
leukaemia represent different presentations of one
illness; the diagnosis of small lymphocytic lymphoma is
made in patients who present primarily with
lymphadenopathy or hepatosplenomegaly.22 The same
treatment approaches used in chronic lymphocytic
leukaemia are also typically used in patients diagnosed
with small lymphocytic lymphoma, and the recent
addition of new drugs has substantially improved
treatment results.125 Recent reports82 indicate that
chimeric antigen receptor T-cell therapy can induce
durable remission in patients with refractory disease.

Burkitt lymphoma
Burkitt lymphoma is perhaps the most rapidly
proliferating human malignancy, and because the
disease can progress so rapidly and has a tendency to
disseminate to the CNS, a timely diagnosis and the
prompt institution of effective therapy are important.
CNS prophylactic therapy must be included in any
treatment regimen. Very intensive short-course regimens
without maintenance therapy or the incorporation of
bone-marrow transplantation can cure most patients.
Studies report an 80–90% survival rate among adults
with Burkitt lymphoma who are given popular regimens
such as CODOX-M-IVAC (the combination of
cyclophosphamide, vincristine, doxo
rubicin, and
methotrexate with etoposide, ifosfamide, and
cytarabine),126 hyper CVAD (the combination of cyclo
phosphamide, vincristine, doxorubicin, dexamethasone,
methotrexate, and cytarabine),127 and other similar
regimens.128 The addition of rituximab to treatment
regimens appears to improve the outcome.129 The survival
rate among adults with Burkitt lymphoma who are given
the infusional chemotherapy regimen EPOCH-R is more
than 90%, and this regimen appears to be more tolerable
www.thelancet.com Vol 390 July 15, 2017

than are previous intensive regimens.130 The German
Multicenter Study Group for Adult Acute Lymphoblastic
Leukemia used a modified regimen that was better
tolerated in older patients than was the previous regimen,
and they reported a 60% 5-year progression-free survival
in patients with Burkitt lymphoma older than 55 years.131
Patients who do not respond to an intensive regimen are
rarely cured.132

Peripheral T-cell lymphomas
Mature T-cell lymphomas, such as peripheral T-cell
lymphomas, are much less common than their B-cell
counterparts but have as many subgroups, which makes
clinical trials difficult and means that treatment
guidelines are more based on expert opinion than on the
results of randomised trials.133,134 Most indolent peripheral
T-cell lymphomas involve the skin; these lymphomas
include mycosis fungoides, cutaneous anaplastic large
T-cell lymphoma, lymphomatoid papulosis, and other
less common entities. In this section, we focus on the
management of the aggressive peripheral T-cell
lymphomas. In most series of patients, peripheral T-cell
lymphoma not otherwise specified remains the most
common subtype of aggressive peripheral T-cell
lymphoma, although gene profiling of these tumours is
enabling better characterisation of disease entities and
the identification of new subtypes.135 Accurate diagnosis
remains an issue in the care of patients with peripheral
T-cell lymphomas, and in a large series of patients who
were referred to academic medical centres, the original
diagnosis was changed in about a third of cases, which
often led to a change in disease management.136 No
standard therapy exists for patients with peripheral T-cell
lymphoma not otherwise specified. These patients have
traditionally received regimens such as CHOP and often
receive an autologous haemopoietic stem-cell transplant
during remission, and some patients are cured. However,
some studies have not shown a definite benefit from the
incorporation of an anthracycline in the treatment
regimen for patients with peripheral T-cell lymphoma.137
Several studies have shown an apparent benefit to
autologous haemopoietic stem cell transplantation
during remission.138 Analysis of real-world data from the
Swedish Lymphoma Registry showed superior
progression-free survival (hazard ratio 0·56; p=0·002)
among patients undergoing autologous haemopoietic
stem-cell transplantation in first remission compared
with those not receiving autologous haemopoietic stemcell transplantation.139
Specific subtypes of peripheral T-cell lymphoma seem
to benefit from particular regimens. For example,
patients with anaplastic large T-cell lymphoma have the
best outcome with an anthracycline-containing regimen
such as CHOP or CHOP plus etoposide. Patients with
ALK-positive anaplastic T-cell lymphoma have a better
outcome than those with ALK-negative anaplastic T-cell
lymphoma, but this improved outcome is at least partly
305

Seminar

age related, and older patients with either ALK-positive
or ALK-negative anaplastic T-cell lymphoma seem to
have approximately the same outcome.140,141 Patients with
localised extranodal NK–T-cell lymphoma presenting in
the nose or nasal sinuses can be cured in more than 50%
of instances when radiotherapy is included in the
treatment regimen.142 These patients seem to be
particularly sensitive to chemotherapy regimens that
include L-asparaginase.143
A range of new treatment approaches are showing
promise in peripheral T-cell lymphoma. Peripheral T-cell
lymphomas expressing CD30 (CD30 expression is found
in all patients with anaplastic T-cell lymphoma) are likely
to respond to the antibody conjugate brentuximab
vedotin.144 Brentuximab vedotin is now being incorporated
into front-line regimens and usually substitutes for
vincristine in the CHOP regimen. ALK-positive anaplastic
T-cell lymphoma can also respond to the ALK inhibitor
crizotinib.145 Other chemotherapeutic agents such as
pralatrexate, romidepsin, belinostat, and alisertib all have
activity in peripheral T-cell lymphomas and can be used in
patients with relapsed or refractory disease.146–148

Long-term follow-up
Survivorship issues are particularly important in a
disease in which patients survive for a long time and can
frequently be cured. These issues include screening for,
and prevention of, additional cancers and cardiovascular
disease, and recognising and managing depression,
fatigue, infertility, work loss, and sexual dysfunction.
Guidelines for caring for survivors are being developed.
These tasks will fall to primary care physicians and
oncologists.
In many parts of the world, surveillance imaging in
patients who are in complete remission has been
routine for patients with non-Hodgkin lymphoma. In
part, the use of surveillance imaging has been driven by
the existence of effective salvage therapy, including the
potential for cure with bone-marrow transplantation.
However, no studies have proven that surveillance
imaging can improve survival. One study from French
and American centres analysed surveillance imaging in
patients with DLBCL who had achieved complete re
mission with standard therapy and found that 20% of
patients relapsed.149 Most of the patients who had relapsed
were not identified at the time of a routine follow-up visit,
and surveillance uniquely detected relapse in less than
2% of patients.149 A study150 compared the outcomes for
patients in complete remission from DLBCL from
Denmark (ie, where routine surveillance imaging was
done) with the outcomes of those from Sweden (where
no routine surveillance imaging was done). Both
countries otherwise used similar follow-up intervals and
studies. The survival of patients was not different between
these groups, and the authors suggested that the money
being spent on imaging might be better used to address
survivorship issues.
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Controversies and research questions
The post-treatment PET–CT scan has had a major impact
on the definition of complete remission. However, the
place of the interim PET–CT scan remains to be defined
in non-Hodgkin lymphoma. PET–CT could possibly
improve treatment outcomes by identifying nonresponders early, and thus enabling therapy to be changed
accordingly, and by allowing treatment intensity to be
reduced, thus avoiding toxicity in patients who show a
rapid response to treatment.
The biggest challenge is the integration of the huge
amount of genetic information provided by genomic
studies into useful tools for the diagnosis and therapeutic
management of lymphomas of all subtypes, but particularly
DLBCL; the definition of which treatment is best for each
of the genetic subgroups of DLBCL is important for
randomised trials (some of which are ongoing).
The findings from the US Intergroup Study comparing
the infusional regimen EPOCH-R with CHOP-R in
patients with DLBCL should be reported soon. If some
patients benefit from a more intensive regimen, the
results of this study could change current practice.
Additionally, ongoing clinical trials are studying the use
of B-cell receptor inhibitors, lenalidomide, and new antiCD20 antibodies in the activated B-cell subtype of
DLBCL, follicular lymphoma, and mantle cell lymphoma.
Once again, if the findings of these studies are positive,
they could change standard treatment approaches.
Although rituximab has been in general use for more
than a decade and a half, the best way to use this drug is
still uncertain. The optimal dose is unclear, particularly
in elderly men. The use of maintenance rituximab in
treating indolent lymphomas is still debated.
Peripheral T-cell lymphoma remains the least well
understood form of non-Hodgkin lymphoma. The
relative infrequency of peripheral T-cell lymphomas
makes clinical trials difficult, and our understanding of
the biology of these lymphomas is far less well
understood than that of B-cell non-Hodgkin lymphoma.
A better definition of standard chemotherapy regimens
is badly needed. These regimens will probably be quite
different from the standard treatment approaches used
for B-cell non-Hodgkin lymphoma.
Finally, survivorship issues need to be seriously
addressed. These issues include identifying the best way
to follow up patients and monitor for recurrence,
developing measures to prevent late treatment
complications, such as additional cancers and
cardiovascular disease, and addressing other problems
such as fatigue, depression, and underemployment.

Conclusion
Our understanding of the biology of non-Hodgkin
lymphoma, particularly B-cell non-Hodgkin lymphoma,
has greatly improved. The existence of so-called prelymphoma or early lesions in non-Hodgkin lymphoma—
which are analogous to monoclonal B lymphocytosis
www.thelancet.com Vol 390 July 15, 2017
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in chronic lymphocytic leukaemia and monoclonal
gammopathy of unknown significance in myeloma—are
now recognised. Investigation of the genetic
abnormalities that underlie non-Hodgkin lymphomas is
providing targets for the development of new treatments.
PET–CT scanning is the best predictor of a good
treatment outcome in most of the common subtypes of
non-Hodgkin lymphoma. An increasing amount of
evidence indicates that DLBCL consists of many subtypes
that are not all optimally treated by one approach. The
overall survival for patients with low-grade follicular
lymphoma and mantle-cell lymphoma has increased
considerably in the past one-to-two decades, and the
combination of an anti-CD20 antibody with new agents
such as lenalidomide or ibrutinib might simplify therapy.
The next Lancet Seminar on non-Hodgkin lymphoma
will probably summarise even more striking changes in
our understanding of these disorders and discuss
considerably better treatment outcomes.
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